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R-22 Replacement Status

A5 /00 ] GRS )2 T 2] 5 R P R e e o A7 1) K 2 R R A0 1 4 TR R AR R
K/NELSE T AR A ] R-22 805 2 A OGB4 IR I TR], AT 2 [ R 4 SRR AU it
AL, CEEFRURBCE Y RVEREHEE GRS HZ RN ACTES 5 (1D &b
SO AksE PR R-22 (CArE s Bk R s D BRI ) HLA 2040 4F

R-22 B K

AR B EAT A B T A R RE D EE R SR R-22, (HEA/DOEH 8 Pk
RAY TN T 40k GRS MMS0E), HAMNER LR G Tn] N H T8 i
%2 A R-502 R E A I R-22 IRIRA L5, ol AR R LA 34
B2 BB 22, T 02 T 508 i (0 U 25 TRk 36 i 21 20 20, 2 FH B i s i3 n ) 10 2.
IXEVRA TRVE R 20 ASCESEHH TS JLFMBERS 8 R-22 (8 TRHIA ], (H2IL
AT BTN T o

#2: BICR-22 #0EE TN

AT 4 \
(AT iR ) ey
R-22 R-407C R-411A R-417A R-419A |R-407C R-407E
R-421A R-421B R-410A R-410B

HCs

R-502 R-402A°  R-402B R-403A R-403B |R-404A R-407A
R-404A R-407A R-407B R-408A |R-507A R-509A
R-409A R-411B  R-422A R-507A |HCs

T MAVFZHAR CREZHCHIRS LD IEEMEH, LA S AR, &
UH S AT 2R HES 5 IV A5 T

AT FZRN & B R RS R e W LA 5 BUR 98 Bh I SE 36 = P T K=t
FIPRTAE, 7EdIent I, ZSMEA TS T — AR RS 78t R-22 A5 6
o XAE BRI RIBRRAE “R-22 BARHIAFIVEALTHRI]” (AREP), &84 H A JAREP. 1
90 AR, RIS TR B AR T PG AR 1R 18 6 ok b B 5 T AR 2 B )

A 39 KERM . HARILEMAF S TRl i IAOEEadrgs 1, hits

ST AT A IR 45 R, X SR AT DLRSRAE BN (/MR ),
ARG H F A R BT

AREP X T 14 FhiEHIAFIE N R-22 FIEAERACM . 4. R-134a. R-32/125
(60.0/40.0). R-32/134a (20.0/80.0, 25.0/75.0, 30.0/70.0 F1 40.0/60.0). R-32/227¢a (35.0/65.0).
R-125/143a (45.0/55.0) . R-32/125/134a (10.0/70.0/20.0 [R-407B] , 24.0/16.0/60.0 F
30.0/10.0/60.0) LK R-32/125/290/134a (20.0/55.0/5.0/20.0), Wf13E R-290 (P5%%) 1 R-717
(0D, JEXIX PRI AT T AR bRIR. Hoe ikt i dE 4 Fi R-502 %5
4, B R-125/143a (45.0/55.0)« R-32/125/134a (20.0/40.0/40.0) [R-407A]. R-125/143a/134a
(10.0/45.0/45.0)F1 R-125/143a/134a (44.0/52.0/4.0) [R-404A].

FRPEAF ORI, K 2 E/ N R Aa LR B0 v % (1) il 7 KA ] R-32/125 —Jei G
T, JE AR 7 R-32/125(50.0/50.0) [R-410A], LA KPR & B bl T GE, 1 Bl

- 156 -



R-22 WE BN James M. Calm and Piotr A. Domanski
R-22 Replacement Status

VTR B T BRI o XTI S IRV B T A A i B VA IR R AR, fERA RGP L R-22
HRY) 60%, (HABEIRHIA AR . = JCIRA TR R-32/125/134a & 55— DR
A LJFEIE S, e nT LUE AN 220 L B A3 31 55 R-22 1 R-502 (4T K ) — WS P i
MNATTH R-32/125/134a (30.0/10.0/60.0)35 1 40 1A X i AR g K I 174 T AR B IR o il
T Ak 42 e L R 45 R-32/125/134a (23.0/25.0/52.0) [R-407C], LI SK FRAR AR 3L 18 e
A e R R TSR

AREP TAE PR AESE A PRI VEAS, ml&E riATITF R T % B I 5e 42k 77735 3 50 brik
B AL o« Minor S S BT 5 45 MR 7 B 5 iy 1 (0 KB SOk IEA T T g, Xt
FLFERT EARHL AT e B FI4E 1 £ i et s AN FRIETE M (R 30 Bral 25
I3 CHRHGE VLR, R-410 [FRERL S R-22 AH BT Frdd iy, FeolHh, 7EdA AT 1%-7%,
T E TR U -3% B1+7% 2 ]

XSG IR RN R 1 % B R A LR 50 4, FRCOR FL R 25 16 it e FH 2 7 S B b 75
Bk PE, HA KRR AA—E T« £F 175 5 1500 kW (50 45 450 A )BT s 47 2
A7KHLAL CRLFERGARIZKY) w1, R-134a S 5ol ) 2 M —F R . e fiz ¢
PUEACA TS R-410A . FHAZERRNAG — @ R-717(Z) M R-1270( N ). H-5exF H
R-407C F1 R-404A CANE HD RNt St N 3l O WnR A . — Rl 218 R-134a
(7= i, AR R L AR AR IR 30 25O s AR LR AR A A2 G ZE RRAT IR 4 ML, ] LAAE
FHIRI A BT 3 M3 s A RO

JEICAERRYN s NATTATI R XS AEAKIEPE A K HLAL A FH R-407C JBD6M J A F A e vt
R-407C [MRER s L R-22 K 7%, AHAATTIEAE PR 7 TRIEAT 50t o A F LA AR AL
HAVFREPE M BERL 2% o Sy — AN AT REME RS 2R R-407C HfA Mk 4 25 C (18
9 T WRENFE . Al 0 NS S B AT R A 57 AR RGN, T RE T LASE R R
5%,

HORIERE

HARTEIRR-22 [958 S BT R-22 1T BEM IR T2 1) SL AU 8 1, 784 A L AR L i i
WIE e R A MRS . 22 3 ELER TR-22 KILEN RS E G (tam)» A JE WAL
T {H(ODP) A AR AR IV (EH(GWP)

Tam 2/ TR TR TN KB 250l B IS TR N« A il i B 16~ X O 81
Ao Ty B B7R TP RSB I, Ik 2 T e R E . KWK G ERER
B WG IR BT A0S o TEVR A o NI AR I A2 B (V) R 55 I EE #0Ks 2 AE AR AN, PRIt
AT R A5l R DR i R ) 1172 771 o

R A R R LA KA. U — 2 R AR R LB BT AN,
el LR E (AT FRE (5EERRENFEM I —2) KE
m R kK.

ODP fE 2 —/MHXS T R-11 MbriEFa/n i, e ARREA A (B 20 s
WZ S TINRE ST o 3 3 P Bs 2 4k BBt DAL I Rl IR B EUE . KPR A T
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R-22 Replacement Status

#3. R-22 REECHHIHLTIERE

H4 Calm and Hourahan (2001), IPCC (2001), and WMO (2003)

kel KEFWEE) ODP GWP(100 ££)

R-22 12.0 0.034 1780
R-134a 14.0 ~0.0 1320
R-407C a ~0.0 1700
R-407E a ~0.0 1400
R-410A a ~0.0 2000
R-32 4.9 ~0.0 543
R-32/600 (95.0/5.0) a ~0.0 520
R-32/600a (90.0/10.0) a ~0.0 490
R-290 (propane) b 0.0 ~20
R-717 (ammonia) b 0.0 <1
R-744 (carbon dioxide) >50 0.0 =1
R-1270 (propylene) b 0.0 ~20
COmTRE TN TR B, R BT RS TR KU i

RGN

ODP{E FIGWPEH AR Wi tam 1 i (AL 27 R BEAE AN LA () RS BE AT B ) o X —
AFAPIEIAF, tamfi . ODP{EAGWPE AR ST o {H YA 77 B PEAN I 26 200 % R A v 4
WA IERIATERE . 2 astE . I AL 22 RE PE AR EPE . Calm AT Hourahan* X X 46 2
. e ODPE M 5 i M Ho & SUAE T iR

R EVES
ORI IR L B T LA 5 AP
2R

L AR BAT I AR Tl Sl BE IRESE TR 5 28 5 o g YR s LE AR

EATER

2 IR R A ABAN R R, IX e B R 1V AR IR AR ROR - 1%
TER o IR .

iR
3T ARAKELE, IR WAL ARSI B )
o F 4k g

4.5 IV FRRLIE 1 7 B AT Hl s 5 Kl S P R S T FE
STBIMPEALAG, T LUE I e, A ORI SRR g, DL AR A A
2 /MR IR AR SE B
1 R78 T R-22 R Prik B A T-S SC &R, %W LUE PEH DA 30T 2 PR ORI e R
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R-22 Replacement Status

5 (COP) (WM. B LaEE, JRH—RIPAHX M 9E o, WA =0, HAIS
Ph=1), VER R134a MIGFRE (HHURPAHX S sidh) & T R-22. [FAFE, R-410A i
R125 (R410A it & 50%M—F 2190 ) IR SRR T R-22. 78 [RIFE R 28 & Fnv4- vt
WIS N, R134a (i HRIZ A7 O 25 10 FHELE AR K F R-22, R410A Fil R125 W ff 25 5K

105

90 1

75

60

45

temperature (°C)

30

15+

.2 0.4 S* 0.6 0.8 1
B 1: R-22 BEECas it —AF 465
CHET L3 IR AR TR D TC B ANAE )

j[ 1,2R, 3, 45 — vapor-compression (refrigeration) cycle
1, 2¢, 3, 4c — Carnot cycle

critical point

()
3 R
g
8 2
aE} am 2c
i \

1 work

1

]

4c| |4Rm

refrigerating effect

entropy

K2: Hig-H (-S) FZZHIZTCEL (%) 15H

Bl 2 P SRR -0 (T-S) BRI T IEAI 2874 GRS A3 SRL TR A 2L
REAET AL IR, JKBIZAGIA IR K D) A 74 B o PR BRI £ PR T AR el v 25 R
AR ARPER IS, 4C-4R 2N TR 7S AN T b (v 8OR s IXAN AR AR

TSI ARGE VA AN T 10 P SZ RN 2R TR 5 o I S et A TR 12 W V4R R B AR X, 14k
ANF R AR

R-410A Il F4 FEAC T R-22, B TiZ i R, Hoid R AT i AN ] PR 22K T R-22,
R-410A PR 5, S R-125 401 T R-32 MUATIATE, HAEBOGBRIGRE IR, R-32 [H#4
JIZEREAR T R-125. 414> R-125 0380 TIRA WM GWP {i. Kk, A6 R-32 [ HAb R
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R-22 Replacement Status

BT RENT A DG, K 3 IR 4 FIHIELE TN, R32-600(95.0/5.0) and R-32/600a
(90.0/10.0). R-32 5%t = T Hef3Lipil &9 HAT HEGE L L#H(Yoshida et al., 1999), If
ArTLL S5 Y — R, H2, XFIRSWIE — 2 I mT .

P F RGNS U] ARG AE AT [EAL R 5T e e IR FA S T s i I, ] 3k 21 1
M. R 4FIER S ST RSP CRY HAFE BRI RIS RIETD &, Bk R-22 4R
WIAE ST A AR SR A HU T I R . RIPG T COP K T BRI
BIEO 8, Horb B D3R AR KA HI HL 55 .

K 4: BT YIRS FAI T

HARE IR 2P iR e

5 (°C) (%) (°F) (°C) (%) (°F)
YA R 10.0 50.0 10.0 50.0
U 0.0 0.0 5.0 9.0
SRR A T 35.0 95.0 46.1 115.0
JURa 0.0 0.0 5.0 9.0
SR s A R 100 70
HLHLALE 100 90
2 RN H At D 2R3 46 0 0

COP P IR COP LR Y) B
A (KW/kW) (kW/RT) (KW/kW) (kW/RT)
R-22 9.85 0.36 4.06 0.87
R-32° 9.55 0.37 3.84 0.92
R-134a 9.86 0.36 4.13 0.85
R-290 (%) 9.68 0.36 4.05 0.87
R-407C 9.60 0.37 3.97 0.89
R-407E 9.67 0.36 4.00 0.88
R-410A 9.29 0.38 3.77 0.93
R-32/600 (95.0/5.0) ¢ 9.54 0.37 3.85 0.91
R-32/600a (90.0/10.0) € 9.43 0.37 3.81 0.92

b RIS A “A” FAE N ARHES B (ART, 2003) . AR1ESEAURHE E A(26.7 °C, 80.0

°F) FEAL (35.0 °C, 95.0 PR, (R4 T BR¥BAE SEBR A ot 28 Rl BEBR I LE 10 °C (50.0 °F).
b 34 Z#%CYCLE D 3.0 (Domanski et al., 2003).

€ AR A T A R O P 8 R A o G AR IV R B SR 2 BB SR BRI, eIk E|

TR I HCRIRCR . R, 2R T RE S BUIRIIRERL
¢ AR AR A BRI AR R o THET LA, & 4 WP LRI R .
< Ik

e PRI ZE (R A R T REA ) 27 B3 (RIS AT R 1T REIR A BL s R b
AR, AMETE BT T LASRANXAS 225 [RIRE, B KRG, W1 R-407C RAHAS
Mo es e sy CRARBUKEEIA RIS s, o, KD aTRRIAARIFRRTERE, HR
FH 3 QAT e 25 6 0 1] R i P B

— LA, WAL R-134a, HACR KT R-220 0T HARHA R, 3G R 2k
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R-22 Replacement Status

HET B MW LR AN S 2 R 1 2k . Domanski (1995). Calm Al Didion (1997)#/F5% 7 P it
WORBAR A SR A M35 7775 . Domanski A1 Payne (2002)iA %4, R-410A 7E A2 4T T R
65 R-22 AHY, (HRLE SRR, AR kK. Spatz /& Yana Motta (2003)
THE T B S AT P28 TR 20 R B (1329 - Yoshida et al. (1999)A 4 R-32 HE &4
(1) 3 B SRR A ) AR TR, (R RAR A B3, I o nT B Al A i e
KT ZHEAMIK(R-744, CO)MIRESBARZ, BNz — R ILVF 2 B H] b 75 2R 5 I 57
PEIRTT AL G 2R IE IR o IXFh ity 22 1 A 7 S e Atk S . — AN
AT TS ZH KRG, (T HE % . Brown 55N (2002) V405 Hr
T R RS R AL G 28R AR IR RN B I G PR RS o ABATTII 51802, SR FHAH IR 448
e 85 I AR A B 206 08 2 AT o A AT TN SRy LT () A P R s A0 ML S5 R A [ B PR 4
FHARETRAN LT 22 . MRS T T, IX AN AU e H R A

#5. KRARKPIANE LT

HUAROGER P P o

&M (°C) (%) (°F) (°C) (%) (°F)
PR ZE 6.7 44.0 5.0 41.0
UE 0.0 0.0 1.0 1.8
SRR B 29.4 85.0 35.0 95.0
UG 0.0 0.0 5.0 9.0
SEIR R A AR 100 80
HLHLACR 100 95
32 Tl FH LAt ) 2251 6 0 0

CoP LERvar B CoP LER(vab B
I 7 (KW/KW) (kW/RT) (KW/KW) (kW/RT)
R-22 10.92 0.32 6.18 0.57
R-32°¢ 10.64 0.33 5.97 0.59
R-123 11.42 0.31 6.52 0.54
R-134a 10.93 0.32 6.24 0.56
R-407C 10.69 0.33 6.09 0.58
R-410A 10.42 0.34 5.90 0.60
R-717 ()¢ 11.21 0.31 6.24 0.56
R-1270 (%) ¢ 10.72 0.33 6.10 0.58

b AERKA A KL bR ESHL

b 3 Z#CYCLE D 3.0 (Domanski et al., 2003).

© AMIAFR AT O TR B ) SR A R A A R R 2 B S ORI IE R, BE
BB TR A ORISR R, 22 MR e S EUR AR

¢ HARER PRI R A BE A T AR FITTAT s TR TR, 2 4 %3 UR R 5 .

< TR

5323 s RALAAHLE , 32 4 Fras I N BE(R-290) IR FIZE 5 BT Y N (R-1270)
BRI TS PIHIVERE . ABATT R SR (0 BRI A B AN S PR e M0 F SO BB 22 42
P
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R-22 Replacement Status

SR ZCR AR, —, SRR T IR E A bR, DR RRIE ARG
WSOV AARHES B, ¥ R22 NP s R, e i (R-22 N
2) PIEARE R BRI HE R 30%.

Kul et al. (Kul 2004) 2145 T — R 5 &5k (HFE) ¥ 5, f045HFEs S HFCSIR A YI1F HR-22
BRI BE . 19214518 2 HAMEAE R B(COPs) £R-22 1] 80%~90%. i 145 HIR-E125
(CHF,0CF;3) & R-32 5R-134am 3 R-152alf] —JeiR AW 2 3 A S ik, R HCOPs{Y
IEFIR-22 11 90%~93%.

zwEWEE

FINEHAEIAFE R T Ak, B HE R-22 76 A 1) LESCHERIA FITEIR, —
SO R R RRE R B ARAE “RIREIA T I, IXEETRAR BN IR . AR
Sk a. WE S AT IEH, & (R-717) FIBCERFURRARA HE ). &0 & Ack
INT AR AE k) 2, (HH T AT A 6 a0 R B 6 D Rl Jh ik () v,
BHAS T 2 AEIEREFIEM — R RGP N . 8 (R-744) REAMHIARIZ —, B
PHRAE TN R G AE o (0 AR R E IR D B0 R-22 sif9 2, I HLIR i F At il
P I L S B, TR S I AR IR . SREA G, F A 48 (R-170) INKE (R-290),
ETHE (R-600). 5T %E (R-600a). 24 (R-1150) FIAM (R-1270), HAH A
—S 5 A SR AR TR RE . BREA A DA, IR BN o] ARz, (R 4]
W HE, BRI 2 A iEE, Al I 75 2R B R

T RN R G (B ANLE S IV R R A AL R R-12) I 2 AE B R R
g, WO E o0 S ST C sz, AR I T AR BN, B R VR K
BUZLA AT, AEALS 75 BT R Bt o 0 AT S5 1 1) D3R LR 22 A AR 1] P A 6 S R 9 (1)
T 5 2 TG FH IR LRIV S ) 248 . ANSI/ASHRAE 15 “So5RiE, HIHIA RS 122 bk,
e T KRB RG] APERA R A B . 38 7 2 2R v A 72 #% ANS/ASHRAE 34 “5hr
HE CRIBIA I FRAN 2420328 038 R AL BIHIA R Gt e Wi )OS HEAT S
KA GE), JUIK R RGN R R S

MORAR A

FIN R-22 FAC A Ja s K ISR AR ST R 8 . R-22 AR GUIH A8 IR et P,
T RKE CHFC) SRl WU 8 255 S R oty LA A 98 PO o ol [ 2 P L o AR
TR M — R ARG M 2R EE (POEs), R4 E & ik FIFT IR (AB)FI SR LI Tk
(PVE). HRIE BAHETINAE R-134a (V42 AN e i 1], HAE R 2 R E0F
ANHH o

TR REAR R 2%, (B N R BIE R HERY , BCE E IRR 4 L 3 R (R 317
AT BBV X R Z M i i i 55 £ S v mp AP I B 5 R 25 v [T R 7K
ZIEE YR

N R-22 H N A I, A TR I I e 1 A R e R i I B .
ST 70 3 7 R R BURF R G T (1) R-22 Xty LA AR S v TR IR AN o 2 S T o
T R-22 FEBLAE B ) 1L KD RE R AR A 2 3145 K2 B B A AT I 2 BT 1) R-22 e
PR e EERAEARRILE N A I B B2 Wtk N & AE EH A5 ar i, R
YEAZ I /N0 Kb PG G 740 71 FE) T OS o
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R-22 Replacement Status

B IABRE R PE AR 3 B % o 2SRRI 71 AP AR T —IHER 2 P B rRx
20 AR PERE I W ST R (MCLR)” (I5T,  BABKSR VP2 AR b L A [l i e
FIRERFIAR R o 8 RNV Z2A A 7 R LU S SRR yih (8 A i S TR AORS 17 5 — TRV
MIEF, A S EARRAHBIIA R, R-22 BSR4 BOAH 200k 1) 8 O AR e, HE
PRI 8 BV AR T 538 AR i 2500 AR

AT POURF I R-22 AN o A S AR SR AT AR FLASIE I h et 1, A 2 e
HHAEACH AR K IIAE . A B8 SR, (H2 G KA AE N R DU T .
BEE - ANRE T @1 s A i as . R RV B . R R-22 (B o R
FEANAAT I

B A A PRV TR e i R-22 B AR AL, REMSAEHT S5 R-22 A A B ALL Y
T AR, AbATT AR AR B 2 A g 5 D v B AL, LA N 5 T (R IR R

#6: KB FELIGHENR-22 HLEE

WA H SN FEHRY

[EN M R-410A

BT B A, B (e W, B R-410A

X))

MRS FEE%uma, i, @k, PlLx R-410A

ISR AR, I3

MRS ks FH, #dk, L5 R-410A, R-407C

KB A 1 rlk, HLG R-134a, R-410A

KL
ARES HIRRG R-134a, R-410A, R-123
K HIRRG R-123, R-134a

F M A [i4 R-134a, R-404A, R-410A,

R-507A
b4 Tk R-134a, &
P P L ] R-134a
FEH R-22 B

7 R-22 FfEA KRR e U AN b, R-410A 2L R0, BR T R-22
FIR-410A (T HEREAFFHEAF PRI TARE AR K2R R&HIER Ca 4t~
HE A S ) R-410A 7=l e K2 10% 0™ iILE O A R-410A, {H 2713 EiX
— AT A 2007 4FSHEE 80%, FFAE 2009 fEJERE 100%.
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FEFE S WAL & S L. Hhh, KU LRI RI N LA K LA
R-410AHE 1 Z AN . MIREIAE KT, W RRMIERL S8R, JUHEXTE
RGN A KL . frix e B K LA P R-134a A AR -4 10A BCA A5 FH 552 ) 1R 74
), R AT B3 7 A I R-410 AR HAR I R-134af4E s R MR-410A I ERAE K )
A, PRI A P AR . 7RSS B0 R g bL R R kLA, g Ry C a2k i i
KEBIIR-22, Bk Peit{i fHR-123 FIR-134a, {HHATR-123 (K42 FERE B2, 1E 4
HCFC, R-123 H#fa e A=k, (H i TR ODPH LA A& LA — 28 CUAn i F 22 1) 2 A
R-123 [V IR I A LR -22 1, [1>!718)

% 6 LV TN FE DL 70 F0) 2 R-22 AR EAE T HA .
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R-22 Replacement Status

James M. Calm, P.E., Engineering Consultant, Fellow ASHRAE
Piotr A. Domanski, PhD, National Institute of Standards and Technology, Member ASHRAE

Abstract: The next step in the transition to environmentally safer refrigerants is phaseout of
R-22. It is the most widely used refrigerant, both in the United States and on a global basis. Its
application range in residential, commercial, industrial, and transport systems is broader than for
any other refrigerant and spans cooling capacities from 2 kW to 33 MW (%% to 9,500 refrigeration

tons, RT). The specific replacements depend on the applications.

This article was originally published in English as J. M. Calm and P. A. Domanski, “R-22 Replacement
Status,” ASHRAE Journal, American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), USA, 46(8):29-39, August 2004. XfE{FE# A J. M. Calm F1 P. A. Domanski [#%3C J5E 30
“R-22 Replacement Status” I &1 ASHRAE Jvii, JEESRBEHIA 525 LFi%:2 (ASHRAE) ,
46(8):29-39, 2004 )\ H.
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